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human Whoid ceU activation antigen CD39 is 

Ft 1S 0W ^ trS 36 "? yrase that ^drolyzes extracellular 
K;;ATP and ADP, a function important in homotvpic aS 

ete l a £ Sr ? Sati ° n ' and removal activated 

Pi J^ff P u U atl l C r3t homol °^e of CD35L2 has been 
Pf ™ t0 have E-type ecio-ATPase activity, bv h* 
l^olyzxng extracellular ATP. We have characterized 
fccrXS S 3 ?^ CD39L2, CD39lS 

ICv 2^ L Ci ShaTe eitensi ^ amino acid homol- 
|^g> with other nucleotide triphosphatases in verte- 
fefc te8 ' vertebrates, and plants? suggestSg St 
feLlr de Pr ° teinS ecto-nucleotl! 
'WmJaSII?; t° n se ^encing of full-length 
WKw f °J T h g6ne iden ^ed Putative proteins 

iPCSfct 429 amino ac ^ The expression pat- 
j numai1 members of the gene family was 
feS^ CDWLS, and CZW.& were^nappe" 

WiSdot tLTh - 6 T tatiVe ^ locations were as- 
^pCen W^ 15 / region f of "served gene order 
Wation £ hliman I an<i m ouse chromosomes. The map lo- 

'flS^rae^T 1110 ■""•P*iWlitv£ mouse. 

* lo£S charac «ri"<* by convulsions induced 
fe asSefS 6007 ^ and has bee * ^ to 



INTRODUCTION 



IKS^ r de0tideS have been Seated as 
30fS£!£±^ es m many «*™*M«r activities, 
^ fcSrT™ 1 cardiac P ]at ^et 
1 i£ ton? ?' muscl ^ con ^"tion and relaxation, vascu- 

* ®lS,wthTf Stl0n ° f h0nn0nes = inmme resnonaes, and 

Ifes if " ! V 1 ! catabohsm 01 extracellular nucle- 
| g « ls medlated fay severaj Qf ecto _ nudeo . ._ 



dent and is ^sensitive to inhibitors of P-typ e F Xe 
and V-type ATPases (Plesner, 1995). E-tvS NTPa? es ' 

m the , ate or nucleoside diphosphate (NDP) hvdrolvsis 
compared with the rate of ATP hydrolvsis (ecTanvr 
ases show a significant rate of ASP hydrolvs^ ?w?« 
coinparedto ATP hydrolysis, while e3 e fhT 
drdyze NDPs at -1-2% of the rate of ATP hvdro vsS 
Human CDS9 protein (cluster of diifere^awS 
is a transmembrane glycoprotein located on the surface 
of acxiyatea lymphocytes and displays ecto-apW^ 
nviry (^Vang and Guidotti, 1996) Several nn?^ i' 
functional roles for CD39 have been S^edSS? 
mg protection of lymphocytes from ^Z '^i 

JToS T? ^ leaS6d by tar = efc ^Us^ippS 
ri;, a H ; D ^ Vir ^ 0 '. 19 95) mvolvement hTthe 
k ° f homot yP lc adh «ion of activated B Ivm! 
phocytes by a non-integrin-mediated pathway ncJnT 
et al., 1991 , More recently CD39 hastln'sW S 
be a critical component in thromboregulation Se S 

er ci., i s/). Other potenual functions that have bean 
proposed for ecto-NTPases are adenosine rec^ 
CPlesner, 1995), regulation of ecto-kina^e aSSf 
concentranon demyelination and remvelinationrf a? 

sTiS ^1 1996X fc ™ a ^ of pu5n er S 

signaling (including neurotransmission bv ATP) and 

CD39 shares considerable amino acid homolo^ with 

f T p n Ji cl, : otldaSeS a chic ken muscle ecio- 

ATPase (Kiriey, 1997), a yeast guanosine dio"4S 
ase (Adeijon er a/., 1993), an ATP^plaoaphottolJfe 
o^ £Se) "T P ° tat0 tubers ( H ^da id GuSo" 
1996), a garden pea nucleotide triDhoscharp « t t 
1989), and several NTPases from T^^^ 
Bermuaes et aL. 1994). Four highly conf er -,ed r^ot 

S £%T£ m 46 N - ten0iaal regi011 of each^ 
tern, termed the apyrase conserved reeions I-TV 
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(ACRs). Proteins containing all four of the ACRs are 
likely to display NTPase activity, and therefore' the 
ACRs provide a useful indication of potential nucleoti- 
dase activity (Handa and Guidotti, 1996). 

While previously ectoapyrases and ecto-ATPases 
were mainly isolated by functional assays at the pro- 
tein level, homologies at the nucleic acid level have 
more recently led to the identification of several new 
members of the CZ)3S-related family (Chadwick and 
Frischauf, 1997; Kegel et al, 1997; Chadwick et al 
1998) The human CD39-like-l gene (Chadwick and 
Fuschauf, 1997) shows greater than 40% amino acid 
identity to the CD39 protein and greater than 60% 
identity to the chicken muscle ecto-ATPase (Kirley, 
1997). The recently identified rat brain ecto-ATPase 
shows greater than 85% amino acid identity to CD39L1 
and is likely to be the rodent homologue/therefore sug- 
gesting &at CD39L1 is also an ecto-ATPase (Kegel et 
al, 1997). Since database searches indicated the pres- 
ence of further C£>3S-like genes, we screened for all 
likely candidates and cloned and further characterized 
them. Here we report- the cloning, mapping, and tissue 
distribution of three new human members of the CD39- 
hke gene family. We also identified the murine homo- 
logues of the human genes and the first member of the 
gene family from Drosophila melanogaster. 



MATERIALS AND METHODS 

n™^f C ~ tior '' isoiadon > *™ sequencing of cDNA denes for 
CD39L2, CD39L3, and CD39L4. The nucleotide sequence of CD39 
^ Si0n Na S73S13 >' CB39L1 (Accession No. U91510) and 
mNTPase (Accession No. AF006482) were used in TB LASIX 
searches against entries in the expressed sequence tag (EST) data- 
base at EMBI/GeaBank, using the Bork server Chtt^/W.bor- 
a.embl-neidelberg.de/). cDNA clones for highly homologous IMAGE 
Jtix entries were obtained from the Human Genome Mapoin^ Proj- 

? eS °^n Ce ^ entre (HGMP ' HLQartoa > ™- DNA wa5 P™ared with 
-tfcaTip-100 (Qiagen), and the cDNA was sequenced bv primer walk- 
ing wxtn a fluorescence labeled dye-terminator cycle "seouencing kit 
according to the manufacturer's instructions (PRISM Heady Dve- 
Deoxy Terminator Premix from AppHed Biosvstems Inc) and electro- 
phoresec.on.an AEI 373 (Perkin-Elmer). Overlapping EST clones 
were mentined by searching with the nucleotide sequence against 
entries w .the EST database using BLAST-N (hrtD^^w.ncbi.nlm.- 
ron.gov:SO/cgi-binyBI^ST/nDh-biast?Jforin) 

Additional IMAGE cDNA clones were ordered from HGMP if thev 
extended the eating nucleotide sequence further 5'. cDNA clone's 
corresponding to the most 5' ertre^e of each gene were identified 
£v nybnoization of radiolabeled 'inserts of IMAGE cDNA clones to a 

TP^f 0 ? 6 StQm Cel1 CDNA Hbrai ? Jones ^ d Watt, 
iOrtt) a human adult breast epithelial cDNA library constructed 
using Stratagene Lambda ZA? vector ( Rodger White 'and Malcolm 
ijarto, ICEr), and a Jurkat cell Hne cDNA library in pBluescriui 
(Dunne et ai, 1995). 

Northern analysis of members of the CD39-like eer.e family. cDNA 
cone inserts were removed by restriction digestion and seuarated 
oy gel electrophoresis. Insert DNA was gal-purined and radiolabeled 
* l > Radiolabeled cDNA was mhrbridized at 

0 L / or 2 , * **** 20 M of human CoM DNA (GibcoBRL) and 100 

hfnrwn * DNA (Si5ma) ' before fcybridization to Northern 

Dxts (UoHtech, human multiple tissue Northern blots, Cataio? No 
7*o0-l ana 7/53-1) according to the manufacturers instruction^ 

rnif?*™ ° f CD39L2 > CD39L3, and CD39L4. Members of the 
i~LfJ9.Lt*e gene xamily were mapped in the human renome bv PCS 
screening o: the C-ene3ridee-4 radiation hvhrid mapoine pan*el ob- 



17 list R " 0UrCe CentrS WBSto ^ ™ «***v - 

byond mapping World Wide Web (WWW) site fctiotfwww hgmn 
rnrc.ac.^cgiWcontig/rhmapper.pl), and mauma^data for E" 
gene were obtained from the Whitehead server Qatn-Jhr**^ 
me.wi.mit.edu/cgi-bin/ccnag/rhmapper.pn. The chromosomal ioc a 
toon xor each gene was confirmed by PCS screening of the monochro-' 
mosomal hybrids ootained from the HGMP Resource Centre pm 
primers were designed for the 3' untranslated region CUTE) of each 
gene and titrated for a unique human-specific PCK product ct4l7 

? C ™?ACTCGGGACTCCAG3 94«C for 2 mi^ cydeT^Vc 

f'fl ISa&S V ?2 ° C fV? S; 72 °° f ° r 2 deduct size 
£281 op;. CD39L4. Pnmer 1, 5'GAACTGCTGCCT4ACCACTC3'- 

Pnmer 2, 5'ATTGATGGfiTCTTGC-GATTGC3^S4'C !2 for 2 3S 
^cles of 94'C for 20 rf&- C for 20 s, 72'C for 20 s; 72'C forTni 
Proauct «e „ 234 bp PCR products were analyzed elec^opho^-' 
sis througn 3.o% NuSieve agarose gels (FlowgerJ. ' ' 

RESULTS 

Isolation and Sequence Characterization ofCD39L2 

^Ij?™* 5 T Wan CD39L2 were identified bv a 
BLASTiN search with the full-leneth mNTPase cDNA 
sequence (Chadwick et al., 1998). A 1.7-kb £STinsert 
(Accession No. H08436) was sequenced, and an ORF 

Sf-i Wgh Mnino -«^ homoloey to 

Oi)o9 ana CD39L1 ana contained the ACRs II III 'and 
IV (data not shown). The insert of H08436 vai used to 
isolate additional clones from a human adult breast 
epithelial CDR4, horary (ZR75), a human T-leukemia 
ceU hne J6 cDNA hbrary (Jurkat), and a human kera- 
tmocyte stem ceD cDNA library (KER). Of 23 cDNA 

iS A t6d T d sec - uenc ^, all but one 
(CD39L2K8 isolated from the KER cDNA Hbrarv- Ac- 
cession No. AF039916) appeared to be alternatively 
sphced or unsplicei An ORF extending to nucleotide 

JSS ^° nt ^? g ACRs UIV was identified within the 
2 ^62-bp cDNA sequence for CD39L2K8. Two 4.TG co- 
aons with a poor match to the consensus translation 

im ?oofr fx-™" f0Und at nuc! eotide positions 148 
and 232 [AD GTJ GAAUGA at 148 and ACAAGGWGa 

fqj?! 2 / 61 * 5 ^ c ° nse ^ sus GCCGCCAUGG; (Kc^: 
1989)]. Basea on homology to a putative mouse homo- 
logy (see beiow), the ATG at nucleotide position 232 

1S -?fT^f i0n C0d0n - A single P ol yaaenylation signal 
« AAL'AAA was identified at nucleotide position 2700 
22 nucieono.es 5' of the poly(A) tail of CB39L2K8 The 
deduced amino acid sequence of CD39L2 is shown in 
I'ig. 1. Hyarophobicity plots usins ToDred-II 1 1 (Claros 
and Von Heijne, 1994) predicted a sinele transmem- 
brane segment at the N-terminal extreme of the nro- 
tem, suggesting that CD39L2 has a short nutative cyto- 
plasmic tail ana a large extracellular C-terminal do- 
main (Fig. 2). There are two potential N-dycosvlation 
sites m the predicted extracellular domain A t*MP- 
and cC-MP-dependent protein kinase and a Drote^n ki- ' 
nase-C phosphorylation site are found directly after the 
initiation methionine codon (nucleotide 232). 
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\^^ { ^^^^l^\^n^t a - for kumar. aembe-s of the CD^o - v ' . 

&n anri C„ ~, *" Wisconsin. 

I'at NCRt ■ u I a BLASW search of ^ EST 
^(Sr^ ^ for hu- 

r *es from an enoometrial tumor librarv were 



i d f?^o e 0 d '. CAccesBi(?n iVos ' AA336&U 4 4o 3 c 117 , 
AA337885), which W fn ;j • and 

librarv vvr 7a ldesn ^cation of an IMAG* 

uorary tST (Accession No. N73749) thsr r>-,. A - v f*-<— < 

sequenced and had hfcfa anui 0 add homofn COm ^ 
W CD39L1 
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^fftsed to screen the Jurkat, ZR75, and KER cDNA librar- 
" :^ies, and a single cDNA clone was isolated from the KER 
library and. sequenced (CD39L3K1 Accession No 
|pF039917). The 1669-hp ORF in CD39L3K1 contains 
r^ACRs I-IV, an ATG codon at position 83, and a sinele 
||pplyadenylation signal at position 2758. The deduced 



^hobia./ plots as described above predict two potential 
^smpm^.n ^ - the N- and C-terminal ex- 

•Spssr " — vT7 w "* VA i5 ' * A Tiiere ^ seven potential 

3 ^extracellular N-g]ycosylation sites. A cAMP- and cGMP- 
"^&? endeilt Protein kinase site and a protein kinase-C 
"l^osphoiylation site are located at the C-tenninal ex- 
igppreme of the protein. 



CD39-UEE GENE FAMILY (CD39L2, CD39L3, AND CD39L4) 



361 

(Fig. 3). Two prominent signals are found at 3 •> kb 
(major) and 3.6 kb (minor). A strong 3.2-kb signal can 
be seen m adult spleen, peripheral blood leukocvte« 
small intestine, and placenta. An additional sienal of 
approximately 9.5 kb, which could be a result of differ- 
ential polyadenylation, can be seen in adult suleen and 



imately 1.8 kb in adult placenta may be a result of 
alternative splicing. 

CD39L1. The expression of CD39L1 has been de- 
scnoed previously (Chadwick and Frischauf, 1997). 

C239L2 Hybridization of the CD39L2K3 insert to 
the multiple tissue Northern blots (Fig. 3^ raited in 
two prominent signals of 2.6 kb (major) and kb 
(nunor) in. all tissues studied. This is most likeiv due 
to differential polyadsaylation. 

CD39L3. A PCR product covering the codinsr se- 
quence o: CD39L3 (courtesy of Tom Smith and Terrv 
iurley) was used for the Northern hybridization's 

( H'irr Q \ A ^. X , * T _ n . * 



(0l9olatian and Sequence Characterization ofCD39L4 

iw|£? fiL f was identifi ed by a TBLASTX search of the 
lH$ aT databa se at NCBI with the full cDNA sequence for 

i#» cs donor acceptor sites that conform to th«- 5' pd^qta tt,= • • - a 

CD39L4. The insert oi AA256016 was hybridized 
to the same Northern blots (Fig. 3), and a prominent 
signal of approximately 4.8 kb was seen in adult live- 
kioney, prostate, testis, and colon. Considerably 
weaker expression was seen for all other tissues exam- 
ined. Several smaller bands observed in tissues show- 
ing the strongest expression of CD39L* may be the 
result of differential polyadenylation or alternative 
splicing. 



wlice donor and acceptor sites that conform to the- 5' 
• • 3 ' ag rule (Breathnach and Chambon, 1981) (splice 




jgieace underlined). Removal of the 251-bp putative in- 

JEv*? TeSult ^ a conti ?- lous OEF containing ACRs 
.'. Tne assiMiption that this sequence does indeed 
€ Kg?* 1 ™* an mtron was confirmed bv seauencine three 
Mdmonal cDNA clones (CD39L4J1-3) from the Jurkat 
.^rary, none of which contained the 251 bo. The cDN4. 
gSuence (Accession No. AF039918) contained a polvvA) m„„ ■ * ™ . - - „ 
— fi. but no consensus polyadenylation seou^ce °^ Me ^ s ^ ^9-like Family 

•••'^troudfoot, 1991). This is also the case for the mouse 
& {se 5 J eIow )- The deduced amino acid sequence 
fitS , , u silDwn 111 Fi S- !• Hydrophobicity plots as 
FVw SO0Ve predict a single transmembrane seament 
■gne N-tenainal extreme of the Drotein (Fig. 2) This is 
fflttaai -to the predicted topology of CD39L2 and different 
a that of CD39, CD39L1, and CD39L3. There are 
f- potential extraceUular N-glvcosylation sites. 



Mission of the Human Members of the CD39-like 



Representative probes for each member of the CD39- 

B&p m T aily , were h yoridized to human multinle 
BSBe Northern blots (Fig. 3). 

5 ' , A L7 - k b clone (Accession No. AA2S4^56) 
riding to CD39 was obtained from HGMP, and 
entity was confirmed by sequencing of the ends 



The CD39 gene has previously been manned to 
human chromosome 10q23.1-q24.1 (Maliszewski et 
at., 1994). The mouse homologue cd39 has not be-n 
mapped, but on the basis of conserved gene order 
between the human and the mouse chromosomes, 
the likely map position for murine cd39 would be on 
mouse chromosome 19 (DeBry and Seldin, 1996) 

The CD39L1 gene was previously mapped" to hu- 
man chromosome 9q34, whereas the mouse homo- 
logue cd39Ll was mapped Fy FISH to mouse chromo- 
some 2, the syntenic region of human 9q3^ (Chad- 
wick and Frischauf, 1997). 

The CD39L2 gene was mapped with a lod score of 
>19 to human chromosome 20 by PCR typine of the 
Gene3ridge 4 Radiation Hybrid Manpin^ Pan»i (Gv- 
apay et al, 1996). CD39L2 maoned 9.76 cR fro« 
D20S493 (typing data: 12012 02101 29000 OOlil 
00110 01210 00110 01101 10121 00100 001^0 H 91 ~i 



i^Sl^St:^ Tfg™ ar.no acid sequences of nepers of che h«BU» CD39-!ika g. re ^ 

| ae u-uig the Top.ea-n 1.1 progra-n (Claros and von Keijne, 1994) (putative setting = 0.5; certain setting =1 ot 



- 362 



CHAD WICK AND FRISCHAUF 



o 
as 



CD39 




3.2.kb 




CD39L1 




CD39L2 



CD39L3 





CD39L4 




FIG. 3. Alignment of multiple tissue Northern hybridisations for members of the human CD39-iike gene family, 



00011 11012 01001 01102 00000 00000 001). Using 
the closest flanking markers (D20S1S4 and D20S99^ 
also represented on the consensus map, this places 
CD38L2 at chromosome band 20qll.2. The location 
of CB39L2 on human chromosome 20 was confirmed 
by PGR analysis of monochromosomal mapping pan- 
els (Keisell ei al, 1995). On the basis of synteny to 



human chromosome 2 0 q 1 1 . 2 , the mouse homoiogue 
of CD3SL2 is expected to map to mouse chromosome- 
2 (DeBry and Seldin, 1996). 

The CD3SL3 gene was mapped as described above 
to human chromosome 3, 5.76 cH from D3S3390 (data: 
12002 02010 22000 00011 20000 00110 01001 00000 
02022 11000 10001 00200 21100 00212 0101O 10002 



CD39-LIKE GENE FAMILY (CD39L2, CD39L3, AND CD39L4) 



362 



TABLE 1 

: %1 of Nucleotide Sequence Identity between 
J)L2 and CD 39L3 with Mouse EST Entries 

Nucleotide 
identity 
(%) 



Mouse 
EST 



Coverage 0 



AA6112S3 
AA647051 
AAS3S277 
AA271520 
W46136 



nt 232-580 
nt 740-994 
nt 10SO-16O0 
nt 207-379 
nt 1550- 166S 



92.5 
86.7 
82.0 
79.0 
63.0 



leotide (at) position of human CD39-like gene. 

V" 

$>qqqV 001). Usins; the closest flanking markers 
stribed above (D3S1561 and D333564), this places 
1X3 at chromosome band 3p21.3. The location of 
13 on chromosome 3 was confirmed by FCR as 
§39L2. On the basis of synteny, the mouse homo- 
e : pf CD39L3 is expected to map to mouse chromo- 

(DeBry and Seldin 1996). 
Is CD39L 4 gene was mapped as described above 
uman chromosome 14, 1.92 cR from D14S71 (data: 
m 02102 22000 01010 11021 01000 01010 10110 
51 21000 00010 00211 01001 10102 02012 00002 
% 01100 002). This places CD39L4 at chromosome 
Jl4q24. The chromosomal location of CD39L4 was 
"ftned as described above. The mouse homologue of 
B9L4 {mNTPase, see below) was previously mapped 
"buse chromosome 12 (Chadwick et al t 1998). 

fine Homologues of the Human CD39-like Gene 
amily 

. e mouse homologues of the CD39 and CD39L1 
'es have been described previously (Maliszewski et 
"1994; Chadwick and Frischauf, 1997). 
ifter the EST database at NCBI was searched by 
-ASTN with "the 2762-bp CD39L2 cDNA sequence, 
Jee mouse ESTs showed significant DNA sequence 
'ntity (Table 1). The region of highest homology is 
inn "the coding region of CD39L2, with sequence di- 
"rgencs before the start codon and after the^stop co- 
jjn. An alignment of the DNA sequence for EST 
611283 against CB39L2 shows decreasing homology 
d several gaos upstream of nucleotide 232 (data not 
own), which corresponds to the second potential initi- 
"W methionine for CD39L2. Downstream of nucleo- 
li 232 there are no gaus in an alignment with greater 
>n 90% sequence identity. It is very likely that these 
"'"use ESTs represent the mouse cd39L2 gene. 
Several mouse EST entries with significant sequence 
.*atitv to human CD39L3 were identified in a 
XASTN search using the CD39L3 cDNA sequence. 
J*o representative mouse ESTs are listed in Table 1. 
4 s with CD39L2, the coding region is highly homolo- 
gous to CD39L3, indicating that these mouse ESTs rep- 
resent the mouse cd39L3 gene. 

' Human CD39L4 was initially identified using the 
'iNTPase seauence. Alignment of the full sequence of 



CD39L4 against mNTPase shows 88% sequence iden- 
tity between nucleotides 247 and 1533, the start and 
stop codons of CD39L4 (data not shown). This makes . 
it very likely that mNTPase is the mouse homologue 
of CD39L4, a conclusion supported by the map position 
of mNTPase in a region of synteny to the chromosomal 
location of human CD39L4 (see above). 

Identification of a Drosophila Gene with High 
Homology to CD39L2 and CD39L4 

AD. melanogaster'CD~39-like gene was identified by 
a TBLASTX search of the EST database using the hu- 
man CD39L2 cDNA sequence. Five Drosophila EST 
entries were identified (Accession No. AA3916S5, 
AA390461, AA20U96, AA246996, and AA567512), and 
a consensus secTUence was generated and used for a 
BLASTN search against EMBL/GenBank entries. A 
single D. melanogaster genomic entry (Accession No. 
AC002032) was identified showing 100% .sequence 
identity to three regions of the EST consensus se- 
quence. Alignment of the EST consensus against the 
senomic sequence identified three exons that conform 
to the 5' gt* * ■ 3' ag rule (Breathnach and.Chambon. 
1981). Exon 4 was identified on the basis of reading 
frame homology to the CD39L2 and CD39L4 proteins. 
An ATG codon was identified in exon 1. a stop codon 
in exon 4. Table 2 summarizes the genomic structure 
of dmNTPase. The predicted amino acid sequence of 
the D. melanogaster CD39-like gene containing the 
ACRs I-IV is shown in Fig. 4. aligned against the gene 
family members with the highest homology. Three N- 
glycosylation consensus sites are found in the putative 
extracellular domain, and two potential cAMP- and 
cGMP-dependent protein kinase phosphorylation sites 
are found in the putative N-terminal cytoplasmic do- 
main. Hydrophobicity plots as described above predict 
a snide" transmembrane segment at the N-terminal 
extreme- of the dmNTPase protein. The topology of 
dmNTPase is therefore most similar to the predicted 
topology of the CD39L2 and CD39L4 proteins. 

DISCUSSION 

This paper reports the cloning, mapping., and expres- 
sion of* three new human members of the CD39-like 
gene family. The identification of the new genes made 
extensive use of gene and EST databases. Searching 
databases has replaced low-stringency cDNA library 
screening and has identified related genes that show 
significant amino acid homology, but are unlikely to 
cross-hybridize at the nucleotide level, figure 1 shows 
.an alignment of the five human members of the gene 
family^ A high level of amino acid identity can be seen 
for ail five proteins, and the presence of ACRs I-IV 
suggests that they are likely to have apyrase and/or 
ATP as e activity. The N-terminus is most highly con- 
served, consistent with the idea that it contains the 
active site. It is clear from the protein alignments in 
Fie. 1 that many other residues in addition to the ACRs 
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TABLE 2 

The Genomic Structure of the Drosophila NTPase Gene 



Exon 


Acceptor 


Donor 


Excn size 


Intro n size 


1 
2 
3 

4 ' 


tccgtcrctcgccctttccagCTG 
aacgactgacaacgatgcagGCT 
act cgttctaaatrg£gcagCTT 


CTCgtagacccgatgaactcggc 
TTGgcgtgTaccatttigcactat 
AAGgtgagc cccggc gca c z taa 


>193 bp 
141 bp 
1129 bp 
>U2 bo 


85 bo *~ 

79 bo 

60 bp.-- — 



Note. The intronic sequence is given in lowercase, with the conforming 5" gi and' 3' ag sequences in boldface. Exon sequence is given : 
uppercase letters. Approximate total coverage is 1.9 kb. 



are conserved, within the N-terminal region of the pro- 
teins. This is true not only of the human members of 
the gene family; alignment against members from nem- 
atode, yeast, and plants also shows conserved residues 
in- addition to the ACRs (data not shown). 

Topology predictions for the deduced amino acid se- 
quence of each member of the family axe shown in Fig. 
2. The CD39, CD39L1, and CD39L3 proteins have very 
similar hydrophobicity profiles. As predicted with other 
vertebrate members of the family, this suggests that 
the proteins have short cytoplasmic N-terminal and C- 
terminal domains, with a large extracellular domain 
(Maliszewski ei al, 1994; Chadwick and Frischauf, 
1997; Kirley, 1997). The human CD39L2 and CD39L4 
proteins also show a potential transmembrane domain 
at the N-terininus of the protein, but do not appear 
to have a second transmembrane domain. This would 
suggest that CD39L2 and CD39L4 have a short cyto- 
plasmic N-terminus and a large extracellular C-termi- 
nus. This is very similar to the predicted membrane 
topology of the NTPases described in yeast (Abeijon et 
al, 1993), potato (Handa and Guidotti, 1996), garden 
pea (Lin. 1989), and D. melanogaster (data not shown). 
The NTP1 gene from T. gondii (Bermudes et al, 1994) 
and potato apyrase (Handa and Guidotti, 1996) and an 
NTPase from mosquito saliva (Champagne et al, 1995) 
are all soluble apyrases. It is therefore possible that 
the predicted -first transmembrane domain in CD39L2 
and CD39L4 is also a signal sequence that is not pres- 
ent in the mature protein. 

The lymphoid cell activation antigen CD39 is known 
to be heavily N-glycosylated (Kansas et al, 1991). The 
predicted protein sequences of CD39L1-4 all contain 
several putative N-hnked glycosylation consensus se- 
quences, suggesting that each member of the family is 
a glycoprotein. Numerous cysteine residues are found 
in the putative extracellular domain of each protein. 
Due to the oxidizing extracellular media, these may 
form disulfide bonds to stabilize, fold, or dimerize the 
proteins. Consensus sequences for protein kinase C and 
cAMP- and cGMP-dependent protein kinase phosphor- 
ylation can be found in the cytoplasmic domains of all 
but CD39L4 of the human nroteins. This suggests that 



the proteins may be regulated by cytoplasmic protein 
kinases. 

Close examination of Fig. 1 shows that CD39L2 and 
CD39L4 show- higher amino acid homology to one an- 
other than tft"CD39, CD39LL and CD39L3. The pre- 
dicted protein sequences of CD39L2 and CD39L4 are 
not only considerably shorter at the C terminus, but 
also diverge significantly after ACEIV from CD39. 
CD39L1, and CD39L3. We have therefore grouped to- 
gether the following genes as members of class l:CD39, 
cd39, rat cd39, CD39L1, cd39ll, CD39L3, cd39l3, and 
the chicken muscle ecto-ATPase. The following genes 
belong to class II: CD39L2, cd39l2, CD39L4, and 
cd39l4. From the alignment of CD39L2 and CD39L4 
with the NTPases from yeast, garden pea, potato, D. 
melanogaster (Fig. 4) and T. gondii NTPl (not shown), 
it is clear that these two proteins are more closely re- 
lated to the plant and invertebrate proteins than to 
CD39, CD39L1, and CD39L3. Class U members could 
be the soluble vertebrate ectonucleotidases postulated 
by Lewis-Carl and Kirley (1997) . Such enzymes might 
have important clinical applications in anti-thxombotic 
agents (Marcus et al, 1997), in the regulation of neuro- 
transmission by ATP (Todorov et al, 1997), and as anti- 
tissue graft rejection agents (Candinas et al, 1996; 
Robson et al, 1996). It is well established that ATP 
acts as a rapid neurotransmitter in smooth muscle, 
peripheral ganglia, and the brain (Zirnmermann, 1994; 
Vizi et al, 1997). ATP binds to the P 2 X purinoreceptor! 
a ligand-gated ion channel found in neurons and 
smooth muscle (Chen et al, 1995). It has recently been 
shown in vertebrates that the release of ATP by stimu- 
lated sympathetic neurons is accompanied by the neu- 
ronal release of soluble nucleotidases (Todorov ei al, 
1997). Human CD39L2 shows high levels of expression 
in adult brain (Fig. 3), It is therefore possible that 
CD39L2 may be the soluble nucleotidase described. 
The isolation of a related gene from D. melanogaster 
may provide a manipulable system to evaluate further 
the role of ecto-nucleotidases during the development 
and maintenance of neurons and also to study ecto- 
nucleotidases in nonneuronal tissues. 
An interesting genetic association between divalent 



FIG. 4. Alignment of the Drcsophiic melanogaster CD39-like predicted protein sequence (dNTPase; Accession No. AF04104S) to the 
most closely related members of the CD39-like gene family; peaGDP, garden pea NTPase (Accession No. P52194); ootaoyrase, potato RROP1 
gene (Accession No. gi| 1381633); CD39L2, human CD39L2 (Accession No. AP039916); CD39L4, human CD39L4 (Accession No \f03 q ov«)* 
and yGDPase, yeast yGDAl gene (Accession No. sp|P32621). * ' 
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